The article raised issues related to the design and execution of low-energy objects in Polish conditions. Based on the designed single-family house, adapted to the requirements of the National Fund for Environmental Protection and Water Management ("NF40" standard), the tools to assist investment decisions by investors were shown. An economic analysis and a multi-criteria analysis were performed using AHP method which had provided an answer to the question whether it is worthwhile to bear higher investment costs in order to adjust to the standards of energy-efficient buildings that fulfil a minimal energy consumption's requirements contained in Polish law. In addition, the variant of object that had optimal characteristics due to the different preferences of investors was indicated. This paper includes analysis and observations on the attempts to unify that part of the building sector, which so far is considered to be personalized, and objects in accordance with the corresponding idea are designed as "custom-made".
INTRODUCTION
The systematically rising energy costs determine an increasingly grater load on the budget of buildings' users. We calculate what is more profitable: the incurrence of grater capital costs and reducing space heating operating, or building "traditionally", fulfilling only the basic legislature's requirements. Decision-making is becoming repeatedly difficult, requires also more and more knowledge. Technological progress creates new opportunities in construction, which is manifested not only in the development and implementation of new design solutions, but also more effective energy systems for buildings.
Depletion of non-renewable energy resources, as well as the need for greater care for the environment, necessitated the introduction of energy savings in the residential sector. An additional justification for the appropriateness of the topic taken is the connected with changes introduced in the Polish national law, in requirements of energy efficiency of construction, in response to adopted Directive 2010/31/EU, the so-called "Recast EPBD". This direction of policy after the year 2021 will lead to mandatory requirement for the design and execution of the objects, currently referred to as low-energy building (here: with nearly zero energy consumption).
The aim of the study is to assess the economic viability of investments in the energy-efficient single-family residential sector. In addition, the analysis is undertaken to indicate the answer to the question of whether previous technical knowledge and available materials allow building in a way that respects the principles of sustainable development under Polish conditions. This paper contains observations concerning the attempts of unification of energy-efficient construction under Polish conditions and establishment of general guidelines to comply with the requirements for each time a low energy buildings is in demand and to comply with the interests of investors.
METHODOLOGY OF ANALYSIS
The case study includes technical and economic analysis of two structural and materials' variants of the energy-saving building with reference to the variant of this facility fulfilling basic requirements for thermal insulation of building's partitions, included in the Polish legislation. Also the installations which have a direct impact on energy consumption in building are evaluated.
Economic evaluation of each variant has been made using global cost method. This method involves adding up the initial investment and the discounted annual operating costs during the period of computation. In the case of residential house, this period shall be 30 years.
In addition, popular economic indicators -simple and dynamic payback time on investment were used. The estimated operating costs for each variant associated with work of the heating and ventilation installations and hot water preparation systems, were designated on the basis of a draft drawn up the energy performance of the building. In a similar way, CO2 emissions were also determined and included in the simplified environmental assessment.
The final stage of the evaluation of the variants was the multi-criteria analysis using Analytic Hierarchy Process, which took into account the technical, economic and socio-environmental aspects of the proposed investment. The simulation carried out with different weights listed aspects allows choosing the best option depending on the attitude of a potential investor to key parameters of the investment item.
DESCRIPTIONS OF BUILDING'S VARIANTS
The analyzed object was a detached family house with a usable area of less than 150 m 2 and designed for 5 people. It's located outside of the centre of Cracow, in the third climatic zone with computational external air temperature equal to -20°C.
The building was designed as a two-storey, without basement with partially reduced level of premises from the north, where the boiler-room, storage and garage (unheated room) were located.
Due to the large glazing the building is open to the southern side, which allows using solar energy for space heating. All variants of the construction have the same architectural arrangement of spaces.
CONSTRUCTION VARIANTS
The essential elements which distinguish the individual variants of the house are the design and materials of structural partitions ( Table 1 shows the summary of the most important of them).
Structural partitions of the 1st variant are designed in such a way as to comply with the basic requirements contained in the text of the Decree of the Minister of Transport, Construction and Maritime Economy [32] . The 2nd and the 3rd variant's partitions have been designed in accordance with the requirements of the National Fund for Environmental Protection and Water Management (hereafter: NFEP&WM) for objects in NF40 standard [8] .
In energy efficient variants despite a variety of design, partitions are designed to be comparable of heat transmissions. Moreover, treatments to minimise thermal bridges, such as extra insulation at the height of the ceiling and walls' connections or warm and tight fitting of windows and doors using consoles and steam-tight and steam-permeable tapes.
To illustrate the quality of the thermal enclosure of an object, the results of thermo-humidity analysis as heat conduction coefficients for external divisions, are presented in Table 2 . The necessity to comply with the requirements for the thermal insulation of the two abovementioned guidelines, in practice, comes down to the use of double-glazed windows and a standard door in the first variant and triple-glazed windows and doors with enhanced thermal insulation in the second and the third option. Table 3 lists the coefficients of heat transfer of used joinery. 
INSTALLATION VARIANTS
An integral part of the evaluated variants of object are two installation variants, respectively:
fulfilling the basic requirements included in the Polish legislation and energy-efficient. In both cases, the installations having a direct impact on the energy intensity of the object were designed in a way that is adapted to their conditions of work and to eliminate the generation of additional costs associated with oversizing their constituent elements. Installations in the basic version have been adapted to the object to be analyzed in such a way as to meet the demand for primary energy requirements limit (from a year of 2014 equal to 120 kWh/(m 2 · year)). Technical parameters and guidelines to design for the 2nd and 3rd variant were taken from the NFEP&WM's documentation of requirements for technical equipment of objects in NF40 standard [8] . Table 4 shows the main features and parameters of the above-mentioned installation. 
THE BUILDING ENERGY BALANCE EVALUATION'S RESULTS
Following the adoption of the assumptionsregardging the future facility usage as intended hot water consumption, the climate zone which the object will be located in or internal temperature of the heating, a building's energy performance for each of the variants were calculated. The results of the analyses are determining the demand for usable, final and primary energy (respectively: EU, EK, EP indicators) for energy installations work (see: Table 5 ). Highlighted value of the usable energy demand associated with the provision of appropriate thermal-humidity and ventilation conditions for the 2nd and the 3rd variant, respectively at 15,36 and 12,02 kWh/(m 2 · year), attest to the fulfilment of the requirements for the NF40 standard objects. The limit value of usable energy in this case is equal to 40 kWh/(m 2 ·year). Moreover, designated value of EP indicator confirms, that the mandatory requirement to limit the final energy consumption for residential buildings are met in each of the analysed variants [32] . The undertaken analysis also provides information which allows drawing conclusions about the conditions of the internal climate of the object at the stage of the operation of the building. Nearly twice the lower heat capacity of lightweight partitions in the 3rd variants' object in relation to the 1st and the 2nd variant afford a much lower thermal inertia of the object, and also to the larger dynamics of temperature change in this object. In practice, this allows for easier control of the internal thermal conditions, but during the summer can easily lead to overheating of the premises with large glazing.
To eliminate this unwanted phenomenon from the southern façade and roof glazing larger canopies, blinds or shutters are installed or more advanced solutions are used, as internal cladding containing phase-change materials or construction of the massive walls of the room. These treatments allow reducing the energy consumption of air conditioning systems and refrigeration. Yet it is worth to refer to construction resources that we have and what we are going to have as a society [4] . On the basis of the data relating to the indicators of CO2 emissions volume [9] , related to the processing of different types of energy sources and the volume of demand for the various types of energy, it is possible to estimate the degree of reduction of the environmental load associated with improving the systems to be equipped with the proposed variants. This allowed analyzing the investment objectives under an additional aspect associated with protecting the environment, which is described in Fig. 2 . 
THE EVALUATION OF ECONOMIC VENTURES OF INVESTMENT

INVESTMENT COSTS
Important and often decisive factors in making investment decisions are the initial costs related to the implementation of the project. In this case, additional financial costs associated with the adjustment proposed object to energy-efficient standards will be calculated. The calculation results of the costs related to the elements influencing the energy consumption of a building and the total investment costs will be used to assess the economic viability of the planned investment in the housing sector with reduced power consumption.
On the basis of the average prices of materials, labour and equipment used for work in 2014, gross investment costs, taking into account the 8% of VAT was designated. To prepare an estimate of investment cost NORMA PRO -Educational Version 4.45 was used. Bill of quantities and costs associated with heating system was made automatically based on installation projects in the Kan SDG 2.1. The cost of mechanical ventilation with heat recovery has been determined on the basis of individual calculation by several companies involved in assembling and adjusting this type of installation. Table 6 shows the results of calculations for items of investment and execution. 
OPERATING COSTS
The results of the assessment of energy facilities in the form of final energy indicators for individual systems, allowed estimating the expected operating costs of analyzed objects per year (Table 7) . For this purpose, the real unit prices for each type of energy and electricity used in each system were taken into account. In addition, operating costs are included in the fixed monthly subscription fees for electricity and natural gas. The unit prices of energy and energy carriers for individual customers come from price lists of distributors operating in the southern Poland. 
ECONOMIC EVALUATION OF PROJECTS
Each investment process focused on generating economic profits should be subject to a thorough analysis. This is particularly important in the case of investment processes, which the subject of investment profits is distributed over a large period of time, such as, inter alia, in the construction
industry. An economic analysis provides information which determines whether the project is cost effective and if the proposed solutions are commercially viable.
In the current practice we can find many examples of use of the economic analysis as making investment decisions' support [13, 16, 26, 27] . In this paper to assess and evaluate the effectiveness into account additional information such as estimated increase in the price of energy sources i.e. gas -4.8%/year, wood/pellet -3.6%/year and electricity -3.8%/year [7] , and the inflation rate at the level of the long-term objectives of 2,5%.
Cost flow analysis (NPV) for each variant was carried out separately under the assumption that initial costs as well as operating costs distributed over time, discounted at the moment of carrying out of calculations, are negative flows (expenditures). Therefore, the best option will have the greatest rate of NPV ( Table 9 ). The calculation has only taken into the account costs associated with items that have a direct impact on the energy consumption of the objects. In the two above tables data contained in brackets relate to the calculation, taking into account the payments from the funds of NFEP&WM to complying with the requirements of the NF40 standard.
The real amount of subsidies, taking into account of interest rates on necessary loan, the cost of obtaining the loan and the required income tax, is reduced from 30 thousand PLN gross to less than 20 thousand PLN [28] . This amount does not cover all additional expenditures to adapt objects to set of higher standards of energy efficiency, but positively affects economic ratings. In practice, this can be an additional argument to convince undecided investors.
The most viable part of the whole investment was the purchase of solar panels which are an additional source of renewable energy. These investments, despite the considerable investment 
MULTI-CRITERIA ANALYSIS USING AHP METHOD
A multitude of factors to be taken into account when decisions are made, forces investors to make use of the analytical tools that are able to include inter alia, irrational or qualitative parameters
which numerical values are difficult or impossible to determine [19, 20] . One of the most widely used solutions to this problem is multi-criteria analysis using the Analytic Hierarchy Process, enabling the decomposition of the complex decision making and the creation of the final ranking for a finite set of variants [17, 18] . For the analysis of the problem a hierarchical structure of decisionmaking ( Figure 3 ) was created by a selection of evaluation criteria, important from the investor's point of view, grouped into three categories.
The first step of the analysis contains an assessment of the variants within each category of criteria taking into account the designated weight of criteria (Table 10 ). In the next step, the simulation was made on the assumption different sets of weights for three categories of criteria to the representation of the various preferences of investors (Table 11 ).
Fig. 3. A hierarchical structure for the multi-criteria analysis
This multi-criteria analysis was based on the expertise gained during interviews conducted among architects, representatives of companies and individual investors. In situations that make up the contradictions in the assessment, experience and knowledge of the authors of this study were used.
Evaluation of variants in relation to the three categories of criteria (Table 10) , did clarify which of the variants is the best. The answer to this question was provided by the second step of the analysis (Table 11 ) -in 8 out of 9 cases the highest rating in the analysis of multi-criteria acquired the 2nd variant.
This option, although it has deteriorated in the assessment missed features in relation to the other options, for this situation is optimal according to general investors preferences. Second place in the analysis acquired the 3rd variant, confirming that the analyzed cases of buildings with reduced energy consumption have a raison d ' être. 
CONCLUSIONS
Studies made it possible to ascertain that the designed energy-efficient house, together with the required installations in accordance with the 2nd and the 3rd variant; meet the given requirements at the design stage. It is therefore right to fill out postulates of main ideas contained in the NFEP&WM's guidelines [8] . Deliberate activity of the minimization of energy losses associated with various types of phenomena related to the building's physics and the maximization of the efficiency of installation systems, processing the energy supplied to the buildings at the stage of their operation, allows reducing the energy consumption of the proposed single-family houses by nearly a half. More efficient use of energy derived from non-renewable sources allows them for sustainable land use, as well as a significant reduction in carbon dioxide emissions into the atmosphere. In addition, the current technical knowledge provides benefits from additional sources of renewable energy in economical way, which in turn reduces operating costs related to the fulfilment of such tasks as the preparation of hot water. Before applying in practice, the recommendations of the program conducted by the NFEP&WM, it is worth noting that the presented guidelines necessary to meet the requirements of the objects in the NF40 standard, must lead to a kind of oversizing of the solutions for improving the energy consumption of buildings.
These guidelines are likely to be the first such detailed and at the same time an attempt at unification that part of the building sector, which is still considered in each case on an individual basis. Achievement of the assumed, respectively, the low level of energy performance required in any case to carry out detailed analyses in specific climatic conditions for the planned location of the item, for a given project, often the individual geometry and at the individual manner of the use of the building. Such a state of affairs in the field of energy-efficient building led to the popularization of "custom-made" objects which each applied an element in bears the optimal solutions for the conditions. Such solutions are optimal in the assessment of the cost-effectiveness and additional investment in the whole object will be payback within several years.
The most reliable assessment of the economic analysis of investment efficiency allows declaring that the parsed variant of the light wooden structure is less cost-effective for a potential investor than a variant based on the massive structure. Without certain treatments, objects with such a structure does not allow for the full use of external and internal heat gains. When external partitions are well thermally insulated, these profits have a significant share of the energy used to ensure adequate climatic conditions inside the object. However, it should be pointed out that the solution using wood as the main building material allows to apply a total prefabrication of structure. This solution is in line with the principles of sustainable development, as significantly reduces energy built-in facility construction and minimizing waste causes difficult-to-land.
In general, the analysis undertaken show key issues and factors to be taken into account when making investment decisions, particularly in the construction sector, of which this work is concerned. In addition, this shows how important is it is to educate in this regard, all participants in the construction process, because there are many solutions, materials or equipment, which the use of in practice today doesn't have any economic justification. We hope, however, that popularization of the idea of energy efficiency, which slowly begins to find its reflection in the legal regulations, will in future lead to greater competitiveness on the market of goods used in low-energy consumption objects, and thus it become easier to erect objects with optimized energy potential.
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Fig Przed zastosowaniem w praktyce zaleceń programu prowadzonego przez NFOŚiGW warto mieć na uwadze, że przedstawione wytyczne konieczne do spełnienia wymogów stawianych obiektom w standardzie NF40, muszą prowadzić do swego rodzaju przewymiarowania zastosowanych rozwiązań w zakresie poprawy energochłonności budynków. Wytyczne te prawdopodobnie są pierwszymi tak szczegółowymi i zarazem stanowią próbę unifikacji tej części budownictwa, która nadal traktowana jest w każdym wypadku w sposób indywidualny. Osiągnięcie zakładanego, odpowiednio niskiego poziomu charakterystyki energetycznej wymaga w każdym wypadku przeprowadzenia szczegółowych analiz w specyficznych warunkach klimatycznych dla planowanej lokalizacji przedmiotu przedsięwzięcia, dla danej, często indywidualnej geometrii oraz przy indywidualnym sposobie użytkowania budynku.
Taki stan rzeczy w sektorze budownictwa energooszczędnego doprowadził do popularyzacji obiektów "na miarę", w których każde zastosowane rozwiązanie nosi znamiona rozwiązań optymalnych dla danych warunków. Takie też rozwiązania są optymalne w ocenie efektywności ekonomicznej, a dodatkowe nakłady inwestycyjne w skali całego obiektu zwracają się na przestrzeni kilkunastu lat.
